INTRODUCTION
When polymer blends are used, in a number of cases an improvement in properties by comparison with the homopolymers is achieved. Methods of introducing rubbers into polyethylene to increase the impact strength of composites are known (refs. [1] [2] [3] [4] , but in this case there is generally a reduction in their strength characteristics. Methods for increasing the mechanical strength of polyethylene, involving treatment of the polymer with ionising radiation, are also known (refs. [4] [5] [6] .
The aim of the present work is to investigate the influence of the irradiation schedules of composites based on a blend of high-density polyethylene and different rubbers on the mechanical properties of materials.
MATERIALS AND METHODS OF INVESTIGATION
The investigation was carried out on "Bulen" grade highdensity polyethylene (HDPE) (produced by the Bulgarian company Neftokhim), polyisoprene rubber (SKI-3) with a molecular weight of 31 800 and a Mooney viscosity of 42, butadiene-acrylonitrile rubber (SKN-40) with a molecular weight of 250 000 and a Mooney viscosity of 46, butadiene-styrene rubber "Buleks-1500" (BSK) with a molecular weight of 21 300 and a Mooney viscosity of 43, and ethylene-propylene-butadiene terpolymer "Dutral-235/E/2" (EPDT) with a molecular weight of 255 000 and a Mooney viscosity of 42. The polymer blends were prepared by a mechanical method with a fixed elastomer content of 12.5 wt.%. Specimens in the form of 5 mm thick sheets were produced by the pressing of polymer blends at a temperature of 120°C.
The specimens were irradiated in air with γ-rays, the source of which was cobalt isotope Co 60 . The radiation dose was varied from 50 to 250 kGy with two fixed irradiation rates of 50 and 150 Gy/h.
The elastic modulus, depending on the magnitude of the absorbed dose, was determined by a formula used for calculating the elasticity of elastomers (ref. 7) :
where ρ is the density of the polymer (g/cm 3 ), R is the universal gas constant, T is the absolute temperature (K), and M av is the average molecular weight of the chain segment between two neighbouring intermolecular crosslinks; M av was determined from the Flory-Rener equation ( 
where µ is the Huggins constant, V 0 is the molar volume of the solvent, ρ r is the density of the rubber (g/cm 3 ), and V r is the volume fraction of the rubber.
The number of crosslinks was determined by means of the formula
The impact strength was determined according to Dinstat (ref. 12).
The effectiveness of crosslinking was assessed by the equilibrium degree of swelling in toluene at 20°C. Missing text to be inserted here -not translated. Line with ref. [10] at end.
where D is the radiation dose (kGy), and M n and M n 0 are the number-average molecular weight of the polymer before and after irradiation respectively.
RESULTS AND THEIR DISCUSSION
The values of the elastic modulus of composites before and after their irradiation with a dose of 100 kGy are presented in Table 1 .
The introduction of rubbers into HDPE leads to a reduction in the values of the elastic modulus, which is due to the appearance in the composite of phase boundaries of the different polymers. For elastomers possessing a certain affinity for HDPE, such as EPDT and BSK, with solubility parameter values (16.9 and 17.1 (MJ/m 3 ) 0.5 respectively) similar to the solubility parameter of polyethylene (16.3 MJ/m 3 ) 0.5 ) (ref. 11), by comparison with the other rubbers examined, the phase boundary is less pronounced, which is due to the increased compatibility of the rubber and polyethylene.
During irradiation there is an increase in the strength characteristics of the composites. It can be assumed that the action of irradiation is due to crosslinking of polyethylene or to crosslinking at the phase boundary of the rubber and polyolefin macromolecules. In realising the first variant it can be expected that variation in the values of E should not depend on the chemical composition of the rubber, which runs counter to the data in Table 1 . At the same time, the observed increase in E when different rubbers are used in the composites is in good agreement with their resistance to the action of ionising radiation. The lower the resistance of the rubbers, the greater is the increase in the elastic modulus of the composite.
Crosslinking at the phase boundary is confirmed by the results of determining the equilibrium swelling of composites at 20°C after irradiation, which makes it possible to calculate the values of M av and the number of intermolecular crosslinks n ( Table 2 ). The obtained values of M av and n are in good agreement with the results of determining the radiation resistance of the rubbers.
The effectiveness of irradiation was assessed by the magnitude of the radiation-chemical yield of crosslinking G s and degradation G d (Table 3) .
When the results are compared ( Table 3 ) it can be seen that crosslinking predominates over degradation with radiation doses of up to 200 kGy. Further increase in the radiation dose leads to predominant degradation of the composite.
The impact strength is the most important index for successful practical use of composites. The influence of the composition of the composite and its irradiation on the impact strength of the materials is shown in Figure 1 .
An analysis of Figure 1 shows that the introduction of rubbers into polyethylene leads in practically all cases to an increase in the impact strength of the composites. The maximum value is achieved by using SKI polyisoprene, which is due to the considerable flexibility of its macromolecules. Irradiation of the composites leads to a certain increase in their impact strength, and a slight reduction is obtained for an HDPE/SKI composite. For HDPE, radiation treatment lowers the resistance to impact loads. The achieved increase in the impact strength of composites seems to be due to the more uniform distribution of the mechanical load as a result of crosslinking of the polyethylene and rubber macromolecules at the phase boundary.
It can be concluded that the introduction of elastomers in a quantity of 12.5 wt.% into HDPE and additional γ-irradiation lead to the formation of crosslinked structures, which result in an increase in the impact strength of the composites. 
